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Abstract. A solution to the problem of synthesizing an initial three-dimensional kinematic chain with spherical
and rotary kinematic pairs is presented. It is shown that this chain can be used as a structural module for
structural-kinematic synthesis of motion of three-dimensional four-link motion-generating lever mechanisms by
the preset positions of the input-and output links.
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Introduction

The work specifies the solution of the problem of synthesis of the original spatial kinematic chain
with spherical and rotational kinematic pairs and shows its use as a structural module with structural
kinematic synthesis of spatial four-link moving linkage mechanism as per specified positions of the
input and output links [1].

Problem statement: given N of finite distant positions of two solids O, and Q,
Ql (91‘1"//1'1’¢i1) Q2(XDi’YDi’ZDi’Hiz’l//iz’¢i2) l = l’N ’ (1)

where 6’f , l//ij , ¢<j — fixed axis Eulerian angles OXYZ;

1

X pis Ypi» Z ), —the position of the point Dl. of the solid Q2 .
It is required to find such points in the fixed axis as A(X,,Y,,Z,), B(x,,yg,z;) of the solid
O, and C(x.,y.,z.) of the solid O, , so that distance between the points B and C in all positions
of the solids Q, and Q, is a little different from the constant value R (see Fig. 1).
Za

z||Z

Fig. 1. Equivalent four-link initial kinematic chain ABCD

Problem solution: Let us introduce the weighted difference for i position of solids in a form [2]

— 2 _
A, = ‘B,Ci‘ SR =X~ X, P+ (Yo —Y, ) +(Ze -2, R i=LN,
where
Xy, X, [x] [ Xc X, | [xc
YB; _ [Tlé)] Y, . VB |} YC,v _ [Tzi ] Y | Ye
ZB‘ z, <Zp Zc‘ Z <c
1 0 0 o 1|1 o 0 o 1|1
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and
J J J
el el e . =
e jais
i_ j j j
T, =|\my mj mg; L 3)
j j ;| i=LN
ng Ny N
where

e;ji = COs ';V[j - COS ¢ij — €OS Hij - sin Wij - sin ¢ij

m; = sin V/,‘j - COS ¢,’j + Cos eij - COS V/ij - COS ¢ij

n) = sin 6/ -sin ¢/

e/, =—cos y/ -sin ¢/ —cos 8/ -sin y/ - cos §/

mj, = —sin y/ -sin ¢/ + cos @/ -cos y/ -sin @/ . 4
nl, =sin 6/ -cos ¢/

e/, =sin 6/ -sin v/

i — _qin @/ - j
m/; = —sin 6, - cos y;

Jo— J
ng = cos ¢,

It is a function of ten parameters: X ,, Y,, Z,, Xz, Y. 23, R, X, Y. 2. . By grouping these

parameters in fours with the common parameter R, let us represent the weighted difference in three
different forms

A)=(X, X))+, ~Y)' +(Z, ~Z,)"-R*, (5)
Ny = (X —x5)" + 5y — )" + (25 —Zy) — R, (6)
A(ji) =(3C'C,- _XC)2+(5]’C,- _yC)2+(ZC,» _Zc)z_Rz, (7)
where
X:Ai 0| x, Xp, _xc
i;A”l _ [Tli)] 0|y + [Tzio] Y, Ye (8)
ZAi 0 Zp ZDi Zc
1 0 0 0 1 1 0 0 0 1 |1
X, 0] [X, -X, 0] [x,
yB, _ [Toll] 0 Y D, — Y, [T2il] 0 Ye )
ZB/ 0 Z,-2, 0| z¢
1 0 0 0 1 1 0 0 0 1][1
X 0] [x,-X, 07 x,
Ye __ [Toiz ] 0 Y, - YD, " [Tlé ] 0 1 Ys s (10)
ZC, 0 Z,-Zy 0 Zp
1 0 0 0 1 1 0 0 0 1 1

where [Tk;.] is the transfer matrix from the k coordinate system to the j system determined as

i i i i [ i i i i i i
Ty = I:TIO]Y Ty, = [Tzo] T, =Ty xTy T, =Ty, xT)y,... (11)
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The necessary conditions for minimum of the sum of squares of the weighted difference
(A0
s=Y[AY] k=123
i=1

may be written as the following system of equations

6S 207 6S 207 aS :076_S207
X, oy, oz, = OR

aS =09 aS=09 6S :Oaa_S:()a
Oxy 0y, 0z, OR

oS

_:0’ aS :0’ aS :O’a_SZO
0x, 0y 0z OR

From (13-15), considering (5-7) and (12), we obtain
A0 (%
ZA%‘ ‘(XA,‘ - XA): 0

Assume that R # 0 . Then from the last equality of the system (16), it follows that
N
0 _
Z A’Ji =0.
i=1
With provision for (17), the system of equations (16), takes the form:

N - N - N B N
MAVR, =0, YAV, =0, Y07, =0, AV <0.
i=1 i=1 -1 )

By substituting the expressions for A(;g from (5) into the system (18), we obtain

(Rz—xz—yz—zz)im]:

(12)

(13)

(14)

(15)

(16)

(7

(18)

(19)
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The system (19) is linear with respect to the variables

X,.,Y,,Z, and H1=%(R2—Xj—Y2—Zz

A A)’

thus it may be written as

N ~ ~
i=1 i=1 i=1 i=1 Z R:iXAi
N N N N X, Y o
X .Y Z Y 2
; Ai ~ Al ; Ai ; Ai Ai ; Ai YA B 1 ; RAI» A; , (20)
N N o N N T 5l N
SRZ, SPZ. YZn Y7, || PIXRZ,

T

The solution to this system by Cramer’s rule is as follows

1
(XA,YA,ZA,Hl)=D—(DXA,DYA,DZA,DHI) D, #0. (21)
1

Similarly, from (13), considering (6) and (17), we obtain a system of linear equations in the
unknowns X, Y., 25, H,

N N N _ _
2 ~ ~ ~ ~ N
Bi ZxBini ZxBiZBi ZxBi z 2~
i1 i i
N

N
Bi Vi Zy; Zs)‘BiZBi

M=
s

™M=
=
M=
<
=
=
=
D=1
N
@ o
=
]

i1 i1 i1 i-1 Vg _ l = o (22)
N N N N ~
Y uZn XVuis XIh X ;IBZ 2 > Rt
N
IEFRED YE MRS YE MY 2. R
L i-1 i-1 i-1 i - -
By solving this system by Cramer’s rule, we obtain
(xB’yB’ZB’Hz):DL(DKB’DYB’DZB’DHg) D2¢0. (23)

2

From (14), considering (7) and (14), we obtain a system of linear equations in the unknowns X,
Yo Zes Hs.

7
7
7
7
M=
=]
Qo
=1
Q

M=
=1
Q
<
Q
M=
<
Qo
M=
<=
Q
Al
Q
M=
=
Q
=
aQ
M=
N
Qo
=
o)

(24)

M=
=
Q
[a\ld
Q
M=
<
Q
[a\ld
Q
M=
o\l
Qo
M=
[\l
Q
I
o)
| =
M=
=1
Qo
[a\l]
Q

=

M=
=1
Q

M=
<
Q

M=
ol

Q

=
M=
=}
Qe

L i1 i-1 i

From which we obtain x., y., 2., H,
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1
(xc’)’cyzc’Hs):D_(ng’Dyc’ch’DHz) Dy =0. (25)

3

Eliminating the first four unknowns X ,, Y,, Z,, R, based on formula (20), it is possible to

bring the system (13-15) to a system of six equations with six unknowns Xz, Vg, 2z, Xc, Yoo 20
which is convenient to be given as

(2)
ﬁ (¢Y] A =0 ﬁ A(;) aA(i3) =0
axB = Ox,
N oA N AB
Z A(;) 4 =0 Z A(;) 0 i =0 (26)
i=1 ' ayB i=1 ' ayc
(2)
(1) aA‘L =0 (1) aAz 0
i=1 & aZB i=1 o aZC

Apparently, equations of this system are the same as the three equations of the thirteen degree in
the three unknown functions given in the work [3], though in this case we have a system of six
equations in six unknown functions. Solution of the system (26) is a labor-intensive task, so it is more
effective to apply a search algorithm of the minimum of the function § stated below:

1. Give arbitrarily reference points BY ¢ 0,.C ©) ¢ 0,.

2. Solve the system of linear equations (21) and determine X ", Y", Z{", RV,

3. Give points AV ¢ 0,C ©) ¢ 0,.

4. Solve the system of equations (23) and determine xy B , yg) , Zg) , R;l).

5. Give points AV ¢ 0, BY e 0.

6. Solve the system of equations (25) and determine xc , y(cl) , Z(Cl) , R;l).

7. Check |X}' = X}|<e [v;"-Y)|<e [z -Z)|<e [R"-R|<e

8. If this condition is satisfied, the iterating is completed.

9. If this condition is not satisfied, proceed to item 1 by replacing the reference points B and Cc
for the found points B M) and C.

10. Then check the accuracy of the prescribed function reproduction by analysis of the position IKC

ABCD.

o, = Tio Ty Ty, "TD3
11. The iterating is completed, if the accuracy of reproduction satisfies the prescribed function.

If it does not satisfy the prescribed accuracy, it is necessary to proceed to item 1 of the given
algorithm.

By applying the algorithm, we obtain a decreasing sequence of values of the objective function
s, s s s> 2§ which has a limit equal to the value of the function S at the point of
local minimum. When satisfying the inequality

manR<i>_R<i—1>‘, ‘ng)_xg—l)‘, \YA(") 1>‘ ‘ _zl- 1>‘)

where & — the prescribed calculation accuracy, the iterating is completed.

Convergence of the suggested algorithm is proved by the Weierstrass theorem: for each
function f (x), continuous over [a, b], and any real number & >0, such a polynomial p(x) may be

found that ||P(x)— f(xm <e.
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As aresult of the problem solution, the points A(X ,,Y,,Z,) are determined in the fixed system
of coordinates, B ©0) ¢ 0,,.C 0) ¢ Q, » when coinciding the link BC with them, we obtain the desired
IKC in form of an open four-link chain ABCD.

Then we check the accuracy of the prescribed function reproduction by analysis of the position of
IKC ABCD. If the accuracy of reproduction satisfies the prescribed function, the iterating is
completed, and if it does not satisfy the prescribed accuracys, it is necessary to proceed to item 1 of the
prescribed algorithm.

When specifying a part of the desired synthesis parameters in various combinations, we obtain
different modifications of IKC [9].

e If the coordinates of the point A (X WY anZ ) and Eulerian angles 6’;, (//il, ¢.1 of the

1

solid Q, as well as the axes of the point p (X YpiZp) and Eulerian angles t9,~1 » ¥ ,-1,

¢i1 of the solid Q, are specified, we obtain a three-link open chain ABCD (Fig. 1). The
necessary conditions for the minimum of the sum S in this case take the form

6_;20 J=X5,Y5:25: R X0, Y0, 2¢

0j
and to find the minimum S we may use the algorithm given above, considering that the
parameters X4, Y4, Z4 are specified.

If the points A(Xy, Ya, Z4) and D(Xp, Yp, Zp) are fixed, then as a result of the synthesis of IKC, we
obtain a spatial four-link chain ABCD.

e Given the coordinates x. = y. =z, =0 of the point C € Q,, coordinates X ., ¥,., Z,, of

the point D of the solid Q, and Eulerian angles &, , !, @' of the solid O, , and the desired

l

parameters X ,, Y,, Z,. R, X, 3. 2p-
The necessary conditions for the minimum of the sum S take the form

a_‘sj: 0 J= XA’YA’ZA’R’XB’yB,ZB

0j

To find the minimum of the function S we may use again the algorithm given above, considering
that x. =y, =z, =0.

e Given coordinates x,,Yy,,2, =0 of the point B of the solid @, and Eulerian angles of the
solid Q,, 6, w, #. The original problem reduces to the definition of the sphere of
positions of the fixed point C of the solid (), which is the least remote from N (Fig. 1).

The necessary conditions for the minimum of the sum § are

oS .
—=0 J=X,,Y,Z,,R.X¢c,Yc,2c-

9j
This problem was studied in details in work [10]. For its solution we may also use the algorithm
given above, assuming X,,y,,Z; =0, but in this special case, the algorithm of the minimum search
is absolutely coinciding with the kinematic inversion method.

Thus, as we see, the problem of IKC with spherical kinematic pairs is solved, and their
modifications may be used as modules of structural and kinematic synthesis of spatial linkage
mechanisms through specified positions of input and output links.
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On existence of problem solution of initial kinematic chain synthesis
with spherical kinematic pairs

This section of work describes the existence of problem solution of IKC synthesis with spherical
kinematic pairs.

The content of problem solution of IKC with spherical pairs is as follows (11)
i i [0 i i [ i i i i i
Iy, = [TIO] Ty, = [Tzo] Ty, =Ty xTyy Ty, =T, xTy. (27)

By considering the necessary conditions for a minimum sum of the weighted squared differences

2
S = 2[%] . (28)

But, the stated algorithm of synthesis of IKC parameters with spherical kinematic pairs as per
specified positions of solids O, and Q, does not give results in such cases of degeneracy, when one
of the determinants D, (i = E in the course of iteration goes to zero (21), (23), (25), therefore there

may be cases in the course of IKC synthesis with spherical kinematic pairs, when degeneracy
conditions (21), (23) and (25) may be met in various combinations. The total number of variations of
indicated combinations, including non-degenerate case as well

Cl+C,+C;+C;=8.

Therefore, during IKC synthesis with spherical kinematic pairs as per specified positions of solids
O, and O, we may obtain eight different structural variations of IKC. Thus, at various combinations

of D,=0 (i= l,_?)) we have come to the following conclusion.

Theorem: If two adjacent links of open four-link IKC with spherical kinematic pairs go to infinity,
it is necessary to change the spherical kinematic pair for the plane or cylindrical pair.

Proof: If in expression (21) D, =0, then (X,,Y,,Z,) — oo and the center of the circle
approaching the sphere will be lied in the plane or along a straight line. Then, except for the required
parameters of IKC B(x,,y,,25) € Q, and C(x., y.,2.) € Q, with a common parameter R, on a
fixed system of coordinates OXYZ instead of the point A(X,,Y,,Z,)€ Q it is necessary to

determine the coefficients a, b, ¢ in the plane ¢ .
aX, +bY, +cZ +1=0 (i=1N). (29)

The synthesized link AB limits the movement of the point B of solid O, along the plane gq.
Therefore, the coefficients of the point B shall satisfy the equation of the plane in specified N <9
positions. After determining a, b, ¢ coefficients of the plane, it is necessary to select structural
parameters of the plane pair. An equivalent kinematic chain with two prismatic pairs is shown in Fig.
2, the axes of which are parallel to the plane g.

Similarly, when N of the specified positions of solid Q; determined by coordinates

()'Z B ,? i ,Z B ) (i= I,_N), are lying in the plane (along a straight line), then D, = 0.
It X B = Y, 5 = Z B 7 0, i.e. these points do not coincide with the origin of coordinates Axy, the

system (21) is also incompatible, Xz, Yz, 25 H, — oo and the center of the circle approaching the

sphere is infinitely distant. Then in solid Q, it is necessary to determine a plane or straight line (23)
with coefficients a, b, ¢, in solid Q2 the point C with coordinates XcsYe.Ze and the

point A(X ,,Y,,Z,)on a fixed plane. An equivalent four-link kinematic chain ACD with cylindrical
and spherical pairs is shown in Fig. 3.
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Fig. 2. Equivalent four-link initial kinematic chain ABCD
In the latter case, when all N of the specified conditions of synthesis of movable solid O, points
determined by coordinates (fci » Ve Zc, ), (i=1,N) are lying along one straight line (in the plane),

then D; =0..
Za

! ax+by+cz+

Fig. 3. Equivalent four-link initial kinematic chain ACD
If X, =Y. =%, #0, ie. these points do not coincide with the origin of coordinates Dx'y'z’, the

system (25) is incompatible, X., Y., Z.,H; —> 00 and the center of the circle approaching the sphere
is infinitely distant. In this case, it is necessary to find a straight line on solid Q,, on solid Q,
point B(x,, y,,2,) and on solid Q point A(x,,y,,z,) in all specified positions. An equivalent four-
link kinematic chain ABD with cylindrical and spherical pairs is shown in Fig. 4.

Za

o
*
Bi.ll
——_ ax+byv+ecz

Fig. 4. Equivalent four-link initial kinematic chain ABD
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Thus, during synthesis of IKC with spherical kinematic pairs as per specified positions of input
and output links of the mechanism, in the case when two adjacent links of IKC go to infinity, it is
necessary to replace the spherical kinematic pair for the plane or cylindrical. In such a case, after
definition of the required parameters, the synthesized mechanism will have an appearance of a spatial
slotted link mechanism.

Synthesis of initial kinematic chain with rotating, plane and spherical kinematic pairs

This section considers a problem of synthesis of spatial initial kinematic chains (IKC) with
rotating, plane and spherical kinematic pairs as per specified positions of input and output links based
on introduction of two movable solids all the time connected with input and output links [5-8].

It is required to find the point A(X DYz A) on solid @, to find the plane on solid Q,
ax+by+cz+d =0 (30)

and the point C(x.,y.,2-) on solid @, which in its motion about solid (), approached to the
desired plane (30). Equation of the plane (30) on fixed solid @ is determined by known

transformation formulas
a[(XCi _XA)tll +(Ya' _YA)tZI + (Za' _ZA)t31]+b[(XCi - XA)tIZ +(YCi _YA)tZZ +(Za' _ZA)t32]+

+o[( X =X s+ Y =Y )y +(Zs —Z Dty |[+d =0, (31)

where  ;, ¢, angles are given; angle 6, =0, j=L2... i=1 =W, 0. Bi =Wty

N. a;
X cos(y,, +¢,,) —sin(y, +¢,,) 0 X, Xc
Y. _ sin(y,, +¢,,)  cos(y,, +¢,,) 0 Y, | e , (32)
ZCI. 0 0 1 ZDi Zc
1 0 0 0 1 1

ty =cos(yy; + @) 1y =sin(y,; + @) 1, = —=sin(y, +¢;,) 1, =cos(y,; +4,).
ty=1 1=t =ty =1, =1, =1, =1,,=0.

After substitution of the expression (32) in formula (31) and required transformations let us
comprise the weighted difference Aqi of the point C,(x.,y.,z.) from the plane (31) as

Ag; =G cosa; +G,sina ; +Gycos(a;, — B;)+ Gy sin(a; — B;,) + G X, +

+GY, +G,Z, + Gy + G, —1, (33)

where
G, =—(aX,+bY,) G,=bX,—aY, G,=ax.+by.

G4=ayc—bxc G5:a G6=b G7=C GS:CZC G9=—CZA

X, cosa; sina; 0 |Xy,
Y, |=|-sina; cosa; 0] Y,
Z, 0 0 1|12,

It should be noted that ten required parameters enter into the expression (31), but after
normalization of the straight-line equation d = —1, the nine required parameters remain. These are the
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coefficients of equation of the plane a, b, ¢ coordinates X ,,Y,,Z,, points A € Q and coordinates
Xcy Yoo 2, points C€Q,.

Let us comprise the sum of squares of the weighted difference for N positions
N —_
S=>[Aq] i=LN
i=1

Stationary conditions per variables

oS .
a_j:() (j=6,,6,,G5,G,,G;,G4,G,,G4, Gy)

would result in the following simultaneous linear algebraic equations as G, +G,

A-G=B (34)
where matrix elements A(9,9), G (9) . B (9) .
Solution of the system (34) enables you to determine the required parameters of synthesis. When

the coordinates of stand D(X 0 Yp.Z D) of the output link of the slotted link mechanism have fixed
values, you can determine nine required parameters of synthesis:

_aG, -bG, Y - _bG, +aG, 7 G, _aG, -bG, _aG, +bG, G,

X =——lL 7-2 = = X Z
A at+p* a®+b’ A G, ¢ a’+b’ Ye a+b ¢ G,
a=G, b=G, c=G, a*+b*#0 c#0

Therefore, as per assigned positions of input and output links of transfer mechanisms, you can
synthesize the spatial slotted link mechanisms of type RP, SR (R rotational, P, Plane, S spherical
kinematic pairs).

Now, let us consider a matter of choice of normalization of coefficients of equation of the plane
a, b, ¢ With normalization of d =—1, we obtain the weighted difference (32). When entering
a=-1, b=-1, ¢ =-1 into expression (32), we obtain exact expressions of displacements (A,) ,

(A),, (A;), of points C; along axes OX , OY , OZ, respectively, which are weighted relative to

displacement Al. along a normal line. Therefore, you may not say beforehand which normalization is

the best and so it would be reasonable to consider all four events.

Example 1

Approximating synthesis of the spatial crank head RSSS; (Sy Slider) mechanism on the basis of
IKC on standard positions of input and output links.

Let us set an angle of rotation ¢) an input link and according to the provision of output link of the
projected mechanism (see Fig. 5). We make the weighed difference A a

A, =X, —X )P+, Y, ) +(Z, ~Z,) ~R* i=1,N (35)
where X , =acos ¢,,X , =X,
YAi
Z,=0,Z,=Z,+Scosc.

Ai

= asin ¢,,Y, =Ssina,
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Ao
X/ ¢ <

Fig. 5. Equivalent four-link initial kinematic chain OAB

Substituting the values X4, Y4, Z4, X, ¥p, we find

A, =(X,—acosg ) +(S.asina—asing, )’ +(Z, - Scosa)’ — R (36)

qi
Simplifying and using trigonometrical identities, we lead expression (36) to a look

A, =—2aX,cosp —2asina(Ssing, )+2Z,cosa-s+ X +a’ +Z; —R* +S* (37)

4qi
We enter notation
G,=2X,,G, =2asina;G, =2Z,cosa;G, = X; +Z, +a’ — R’
the equation (37) takes the form
A, =-G,cosg +G,(S,sing, )+ G;S, +G, + 5] (38)

From the necessary condition of minimum of the square sum of the weighed difference

—_—

s=Y[aq,F i=LN (39)

it is possible to write down in the form of the following system of equations

ds .
—=0, (j=G,+G,) (40)
dj

Having written down the equation for( LS, 0= 1,4), we receive a system of four equations with

four unknown quantities. After determination of the unknown coefficients of G, G,, G3, G4 by the
standard decision of the linear system of the equations it is possible to find the demanded design data
of the mechanism from the following expression.

G G
a = L o = arcsin G, zZ,=— 41)
2X 2a 2cos a

0
R=(x}+2!+a*-G,)*

At approximation on six provisions, the angle of rotation of an input link and the position of the
output S, corresponding to the first exact point is added to four unknown parameters (a, R, Xy, Zy),
defining from the equation (35).

At substitution S, = S, + S, and 4, = @, + @, in the equation (38) we receive the system

from six equations, linear rather unknown G, i=1,6

A, =—G,(S,cos 4, )—G,(S,sin @)~ G,(cos ¢, )+ G,(sin g, )+ G;S, + G, + S (42)

qi
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where G, = 2asin a sin ¢,, G, = 2asin a cos ¢, ,
G, =2aX ,cos ¢, +2aS ,sin a sin ¢,
G, =2aX,sing, +2aS,,G,=2Z, cos a + 28,
G,=X/+Z;+a’-R*+8S;+2Z,Z,cos a .

Having defined the unknown coefficients of Gy, G,, G, G4, Gs, Gg, from the necessary condition

of minimum of the sum (40) taking into account (41), it is possible to find the values of six required
parameters from ratios.

G G, . .
P, = arctg —= a = ?sm asin ¢,

1

G, 2asin asin ¢, 2acos ¢, G,
X, = G, —2asin.acos‘¢0 5, = 2asin ¢, . G, .
acos ¢, 2asin asin @, 2acos ¢,  2asin asin @,
2asin ¢, 2asin a cos ¢, 2asin ¢, —2asin a cos ¢0‘

Z, _Gs28, R=(X2+Z>+a’S2+2Z,S, cos a)%
2cos a

Example 2

Let us consider a problem of synthesis of a spatial four-link mechanism of type RSSR
(R —rotational, S — spherical kinematic pairs). Approximately reproducing function [9-10].

z//:—SOCosggﬁ pelo®.120].

We divide an interval [00,1200] into 20 equal parts (Fig. 6).

If we are given the axial angle p =90" and coordinates X, =Z, =0, Y, =12 of the point
D, let us determine the following parameters of the four-link chain ABCD

2 2 2 2 2 2 2z z
Xg+Ypt2Zp b=R c=qxc+yc+2c ¢, =arccos—= Wozarccosf
a

Fig. 6. Four link spatial chain ABCD

For synthesis of this problem, we use the expression (2). Then the matrix (8-10) is as follows
lek =Ty, - Ty, - T
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where
cosg, 0 —sing, cosp —sinp 0 cosy, 0 siny,
T,,=| O 1 0 T,=|sinp cosp O|T.= 0 1 0
sing. 0 cosg, 0 0 1 —siny; 0 cosy,

In order to determine the required parameters of synthesis, we use the search algorithm of
minimum of the sum §. Based on the above minimization algorithm, the value of minimum of the
sum S=0,00012. Then a problem of mechanism synthesis reduces to minimization of the objective
function of IKC

21

S=3 (A, (X 1.4 200 %50 Yy 2o Roxes yes 2 )

i=1
For solution of this problem we apply the above given search algorithm of minimum of the sum
S. According to the algorithm, we are given 10 values B (xg)), yl(go)’zl(go)) u C (xg) ), y(CO),zg) ))
depending on the length of the links a and c¢. For each preliminary value of the points
B(xg)), yg)), zg))) and C (x(co), yg) ), Z(CO )) in Table 1 the results of calculations are given [11-15].
The iteration process of minimum search of the function S is completed upon satisfaction of
equation

‘R(k) _R(k—l)‘ < ‘ng) _Xf(‘kfl)‘ <eg ‘ij) _Yfgkfl)‘ <g ‘ng) _ng—l) <e.
where £=107".

Results and Discussion

Suppose that it is necessary to design a four-linkage mechanism with spherical pairs (Fig. 1),
approximately reproducing seven body positions specified in Table 1. Figures 7-10 demonstrate 2D
graphics of objective function S for Example 2.

Table 1
The specified body positions

2 Xp YB ZB R Xc Yc Zc X4 Y, Zy N
1 1.014 1.815 | 1.296 | 2.640 | 0.804 | 1.981 | 0.327 | 0.0001 1.204 0 0.0015
2 0.917 1.716 | 0.821 | 2.415| 0.901 | 1.761 | 0.383 | 0.0002 | 1.105 0 0.0010
3 -1.117 1.644 | 0.726 | 1.967 | 0.766 | 0.926 | 0.414 0 1.086 | 0.0001 | 0.0012
4 -0.318 1.471 | 0922 | 1.764 | 0.546 | 0.816 | 0.438 0 1.266 | 0.0001 | 0.0005
5 -0.227 1.213 | 0.609 | 1.691 | 0.652 | 0.639 | 0.469 0 1.189 0 0.0001
6 0.781 1.044 | 0.323 1.511 | 0.591 | 0.622 | 0.455 0 1.099 | 0.0001 | 0.0001
7 0.191 1.166 | 0.221 1.724 | 0.492 | 0.604 | 0.718 | 0.0003 | 1.675 0 0.0002
8 0.212 1.071 | 0.348 1.547 | 0.515 | 0.765 | 0.665 | 0.0002 | 1.761 0 0.0014
9 0.561 1.008 | 0.941 1.334 | 0.342 | 0.640 | 0.684 | 0.0001 1.360 | 0.0002 | 0.0019
10 0.867 1.261 | 0.646 | 1.266 | 0.561 | 0.762 | 0.697 | 0.0001 1.141 0.000 | 0.0003
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Fig. 7. Number of points S Fig. 8. Number of function points S = S(Y,)
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Fig. 9. Number of function points S = S(R) Fig. 10. Graphics of function S = S(xp, y5, 25)

According to the algorithm the value of the global minimum S, = 0.004292 has been determined
as well as the value of coordinates of the global minimum:

x, =—-0227631 x. = 0.652906 X, =Z, =0
y, =121314 y. =0.639147 Y, =1.189776
2z, =0.609801 7. =0.469694 R=1.69127

Conclusions

1. The use of one and the same objective function, composed for the synthesis of the IKC and its
modification, allows you to automate the process of synthesis of spatial linkage mechanisms as
per specified positions of the input and output links of the mechanism.

2. In summary, when there is synthesis of IKC with spherical kinematic pairs as per predetermined
positions of the input and output links of the mechanism, and when two adjacent links of IKC are
tending to infinity, it is necessary to replace the spherical kinematic pair for a plain or cylindrical.
In this case, the synthesized mechanism takes a form of a spatial link mechanism after
determining the required parameters.
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